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An investigation has been conduoted in the HACA Lewis altitude 
wind tunnel to  evaluate the peHormance of the  547 turbojet engine 
over a range of simulated altitudes frcPn 5OOO to  50,OOO feet, 
sirnulatea flight Maoh numbers from 0.21 to  0.97, snd EL ccmplete 
range of engine speeds. Data are presented t o  show the effect6 & 
altitude at a Slight Woh nllniber a€' 0.21 and crf flight Mach nmber 
at an altitucle d 25,000 feet. The peflonnsnoe data are general- 
ized by two methodrr to determine We rwe  of f U&t conditions 
for which engine performame may be p e d i o t e d  frm perforrmsnce 
data obtained at a given f li&t condition. 

Engine-performance parametera obtained at a glm altltuae 
and flight Mach number could be wed to predict engine performazlce 
for only a llmited range of a l t l t d e s  and correotga engine speeds. 
From the engine pumping characteriertios preeented, Jet thrugt could 
be predicted for any desired flight Mach number Sna exhaust-gw 
temperature f o r  engine-pressure ratios above apwoxl+3tely 1.4 at 
altitudes from 5000 to 50,000 feet.  m e  decreaae in temperature- 
limited engine speed with increasing altitude  iaicated the need 
for a vaxiable-ares exhaust nozzle. 

The specific fuel consumption at temperature-limit& snglne 
speed and 8 fli&t Mach number af 0.21 varied fran 1.20 to  1.30 
pounds per hour per pod af' net thrust over the raage of altitudes 
investtgatd. A minlnmm specific fue l  oozmarnptian ctf 1.05 pounds 
per hour per poulld of net thrust was obtained at an engine speed 
of eppralmately 6400 rpn at altitudes fran 15, OOO to 85,000 feet. 
Changes in flight Mach number &-t rated engine speed ha8 PO 
appreciable effect a specific fuel coneumption. At larer engine 
speeds, however, the speclfic fuel cansumption increased 88 the 
flight Mach number wa8 rsbed. 
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A t  an altitu8e of 25,000 feet,  the  Internal drw of a wind- 
milling engine varied from 2 percent 09 the available net tbrust 
st a true airspeed af 200 milea per hour t o  15 percent at a true 
airspeed aP 650 miles per hour. 

A n  hvestigatian has besn conducted in the NACA Lewis altitude 
wina tunnel t o  determine the over-all perfonaance, canponent per- 

mer a wide range at' simulated f l igh t  canditiom. 
Q fommnce, emd operational characteristics of a 547 turbo je t  engine 

Data are preeented in gra-phical fonn t o  ahow the engine per- 
f ormsnce over a range & altitudes fran 5000 to 50,000 f ee t  snd 
flight Mach numbem from 0.21 t o  0.97. The effect rS altitude 
Is sham at a f l igh t  Mach number of 0.21 and the  effect of f llght 
Mach number i e  shown at 821 altitude of 25,000 feet. Performance 
data are generalized by tX0 methode t o  determine the range c$ 
f llght oonditiona for which engine perPonuance msy be predicted 
fran performance data obtained ak a given flight condition. Curve8 
are preeented t o  ahow the windmil l in@; characterietios of' the engine. 
A l l  engine performance data obtained in the  investigation are ahto 
.present& in tabu- f om. 

The 547 turbojet engine wed in the  altitude-wind-tunnel 
investigation (fig. 1) has a eea-18-1 s t a t i c  thrust r a t a  of 
5000 g0und.s st an e-8 speed of 7900 r p n  and a turbine-outlet 
gae temperature of 1275 F. A t  thie rating the air flow ier 
approximately 94 pouds per second. The engine harJ a 12-stage 
axial-f low c ~ ~ ~ s o r  w i t h  a presrsure ra t io  of approximately 5.1 
a t  rated engine speed, eight cylindrical dfrect-flow-lqpe 
carnbustion ohmbere, a eingle-etage impulse turbine, and a f ized- 
area exhauet nozzle. The ezhaust nozzle, which was used in this 
investigation srd WF~B designated etardard, had an outlet area of 
280 equare inches. This eihauat nozzle produced a turblne-outlet 
temperature Cg approximately 1275' F at a flight Mach nuraber of 
0.21, &p altitude of 5000 feet, ard an engine a p e d  of 1900 rpn. 

, The over-all 1engt;h of the engine excluding the erhaust nozzle is 
: 143 tnohee, the maximum diameter is approximately 37 imhee, tmd 
the t o t a l  weight is 2475 pounds. 
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Air enters  the engine through an annular inlet  (fig. 2)  and 
passes into the cmpmsor  through a row of inlet guide vanes. 
!!%e air is discharrged f rm the  cmpmssor through two rows of 
straightening vanes. Fraa the annular outlet of the canpre88cc, 
the air flm in to  the conabution chambers where it is m a d  w i t h  
fuel  injected thrauep duplex fue l  nozzles The mixture is burned 
and the  hat gases of ccmbuetion flow through the  turbine-inlet 
stator blsdes, the turbine, and into t he  atmosphere through the 
t a i l  pipe and the ezhauet nozzle. 

The engine waa mounted on a Xing in the  test  section of the 
altitude w i n d  tunnel (fig. 1). refrigerated air waa supplied 
t b  the engine fran the tunnel make-up sir systam through a duct 
comected t o  the engine inlet .  A frictionless  Blip  joint i n  the 
duct made possible the meaeurerment & engine thrust and drag by 
the  tunnel balance scales. The air flow through the duct was 
t h ro t t l ed  fram approrxhately sea-level pressure t o  a tot& 
pressure at the engine inlet  corresponding t o  the  desired flight 
Mach  number at a given altitude. 

Instrumentation for measuring pressures and temperature8 waa . 
installed at  varioue statio- in the engine (fig. 2). Inetrumen-. 
tation for measuring air flow w a s  installed at the  inlet-air-duot 
venturi  throat  (station r), the engine inlet  (etation l), and the 
exbust-nozzle  outlet  (station 7 ) .  

Thrust values were calculated frm tunael  balance-acale 
measurement8 and a h 0  fran values of gas flow eLIld Jet  velocity 
obtained frm measurements with the exhwt-nozzle survey rake. 
The exhaust-nozzle jet-velocity  coefficient, defined as the r a t io  
ai? scale  jet thrust t o  rake j e t  thrust, b shown 88 a function at' 
exhaust  -nozzle pressure r a t i o  in  figure 3. Engine perfom+nce is 
based on thruet values obtained from the balance scales became 
this method includes the Iossee resulting frcm the inaff iciency of 
the exhaust  nozzle. 

Symbols slld methods af calculatioq are given in the appendir. 

Performance data were obtained at the following  altitudes and 
flight Mach numbers: 
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5,000 
15,000 

35,000 
45,000 
50,000 

25,000 

Fll@t Mach number 

0.21 

0.21, 0.53, 0.72,  0.85, 0.97 
0.21, 0.53, 0.72 

0.21 

0.21, 0.53 

0.21, 0.53 

I Ccmplete rem-pressure recovery at the canpeasor Inlet was assumed 
in the  caluulatim af f l igh t  Mach number. The fuel used was 
AN-F-32 w i t h  a lower heating vetlue of 18,550 Btu per pourad. The 
e a n e - i n l e t  air temperature vae held at approximately RACA 
standard values for eauh 8imuLated fligbt condition  except thoee 
of high altitude and law Mach  number. Engine-inlet air tempersturea 
below 439O R were unobtainsble. 

All t he  data obtalned In the performance investigation of the 
englne w i t h  a standard exhaust nozzle axe canpiled in table 1. The 
engine-inlet ~ s e u r e e  and tempratures deviated  sllgpltly fran the 
8esIred inlet conditions. The data presented graphically in non- 
generalized form have therefore been edjueted t o  HACA etandard 
altitude uonditions by meane ctp the  factors 8, and e, 
(aPPenab A) 9 

Wfect of‘ altitude. - Engine-perfonnanue data obtained at a 
f l igh t  Mach number of 0.21 at altitudes f ropll 5000 t o  50,000 feet  
are presented to show t he  effects of altitude on net thrust, air 
flow, fue l  flow, ~ p e ~ l f i ~  fuel uonaumption, fuel-air ratio, a& 
exhauet-gas to t a l  temperature in figure 4. Engine net thrzlet, air 
flow, and fuel conecrmption deoreased uoneistently aa the altitude 
inmewed (f ieJB. 4(a) t o  4( c) ) . Data obtained at high engine ape& 
are not shown for an altitude of‘ 15,000 fee t  becauee the f l ight  
Mach number waa incansistent  with  other altitudes. A t  altitudes 
above 15,000 feet, the ms;rimum englne a p e d  was limited by turbine- 
&let temperature. 

The epeuific fuel coastamption (fig. 4(d)) wae essentially 
aanstant fo r  altitudes from 5000 to 45,000 fee t  at engine ape& 
above 7200 rpm and f o r  altitude8 from 15,000 to  45,000 feet at 

. 
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engine speede above 5750 rpn. In t h e  engine-speed range between 
4500 t o  6600 rpu, the highest  epeolfic Azel consumption oocurred 
at an altitude of 5000 feet;  at engine speeds above 6600 rpn, the 
highest  specific fuel-conelrmption  occurred at an altitude of 
50,000 feet .  The data  indicated no consistent altitude effect 
at engine speeds below 5750 rpu, probably becauee af large mi- 
atione i n  component efficiencies in the low eerie-speed range. 
The minimum specific  fuel consumption of 1.05 pounde per hour per 
pound of net thrust waa obtained at an engine speed of approlimately 
6400 rpn at  altitudes fran 15,000 t o  45,000 feet .  The specific 
fuel  cansmption at temperature-llmlted e a n e  speed varied fp 
1.20 t o  1.30 over the range of altitudes  investigated. 

The engine fuel-air   ratio  (f ig.  4(e)) increased with altitude 
at engine speeds above 4500 rpa. Data obtained at lover engine 
speeds indicated no consistent  altitude e f f e u t .  

The exhaust-gas  temperature (fig. 4 ( f ) )  decreased w i t h  an 
increase in  alt i tude at law engine speeds azsd increased with 
altitude at high eerie speeds. A o h w e  in  al t i tude from 5000 to 
25,000 fee t  resulted in  a decrease in tsmperature-limited ewne 
speed from 7880 to 7550 rpn. The tread of the data indicates that 
an increase i n  altitude beyond 25,000 feet w o u l d  further reduoe the 
maximum permissible eerie speed. Inasmuch as maximum thruat is 
obtained at f u l l  engine speed (7WO rpa), and mazimum exhaust-gaa 
to ta l  temperature, the desirability of using a variable-area 
exhaust nozzle t o  permit operation at full engine speed at all 
altitudes is evident. 

Xffect of f Uuht Mach number. - Performance data obtained at 
an altitude of 25,000 feet and f l igh t  Mach nunibera of 0.21 to  
0.97 &e presented in  figure 5 to show the  effect of f l igh t  Maoh 
number on net thruet,  air flow, fue l  flow, epeolfiu fuel consumption, 
fuel-air ratio, and. e-t-gaa to t a l  temperature. 

A6 the flight Mauh  number wa8 rabed, the Ut thrust aecrearsed 
at engine speeds below 6800 rpa and increased at higher engins 
speeds for   f l igh t  Mach nznribere above 0.53 (fig. 5 ( a ) ) .  An 
increaae 3n Mach number frm 0.21 to 0.53 at engine speede above 
7000 rp had no appreoiable effect on the net thrust. The engine 
air f l a t  (fig.  5(b)) increased consistently with an increase in  
flight Mach auniber. As the flight Ma& number was increased, the 
engine fuel  consumption (fig. 5 ( c ) )  decreased at engine speeds 
below 6150 rpn and increased 'at higher engine speeda . A t  
tanprature-limitd engine speed, the  specific  fuel consumption 
Wed on net thrust (fig.  5(d)) increased frm 1.21 t o  1.43 88 
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the flight Mach number imreaeed frm 0.21 to  0.97. Thie  veuriation 
of speclfic  fuel consumption based on net  tbruet  with flight Mach 
number increased at the law engine speeds. The minimum specific 
fuel  consumption of 1.05 pounds per hour per pound cf net  thruet 
occurred at a flight Mach  number of 0.21 and an engine speed of 
approximately 6400 rpn. 

 he engine fuel-air  ratio  (fig. 5(e )  ) decreased at all engine 
speeds 88 the f l ight  Mach nttniber wae raised. The exhamt-gas to ta l  
temperature (fig.  5(f)) was, in  general, reduced by an increase in 
f li@ Mmh  number at all engine speeds except between 7000 and 
7500 r~pn, *ere a change in f l ight  Mach rnnnber  had no appreciable 
effect . Maximum engine epeed was 1Wted by exhaust -gas to ta l  
temperature at f l igh t  Maoh numbem below 0.72. 

Generalized performance. - Altitude performance data fo r  a 
flight Mach number of 0.21 have  been generalized t o  etandard sea- 
level  conditions by U B ~  09 the correotion  fautore 6 and 8 
(reference 1). In the developnent of this  method of generalization, 
it w a s  sham that these  correction  factors  alone were ineufflcient 
t o  reduce the results completely t o  a single curve. The uee of 
additional pamunetere,  such aa flight Mach number and Reynolds 
number, may be neceeeary fo r  a complete generalized  descriptim of 
englne characterietics. Changee i n  flight Maoh  number or change8 
in  ccmpnent efficiency  associated with changee In Reynol.de number 
therefore leesen the poeeiblllty of reducing data obtained at 
variouls altltudee  to a single curve. 

PeHOrmance data obtained at a flight Mach nqber  of 0.21 
at altitudes froan 5000 to 50,000 feet  are presented In figure 6 
t o  show the effect of altitude on the  corrected value8 of net . 
thrust, air flow, fuel flow, specific fuel. conemption, fuel-air 
ratio, and exhauat-gae to t a l  temperature. 

The variation aP comcted net thrust w i t h  altitude was 
sufficiently small that data obtained at a l l  altitudes frcw 5000 t o  
50, OOO feet  oould be represented by a single curve ( f ig  . 6 (  a) ) . 
The corrected engine air flaw (f lg. 6 (b) ) deareased as the altitude 
wae inoreased a t  corrected engine speeds above 5400 rpn. For 
corrected engine speeds below 5400 rp, the data appear t o  reduce 
to a slngle a w e .  

Genevdized performance  parameters  depending on f u e l  consumption 
formed a eingle curve only near maximum englne epeed and at altitudes 
below 35,000 feet. Above 35,000 feet end a t  reduced engine speeds, 
the corrected fuel  coneumption (fig. 6 ( c )  1 increased ae the altitude 
was raieed. Near mejcimum .engine speed, the corrected  specific  fuel 



M C A  XI4 E m 9  7 

. 

consumption (fig. 6(d))  formed 8 eingle curve for data  obtained 
at altitudes below 35,000 feet;  however, higher  corrected  specific 
fue l  ConsmupCions were obtained a t  altitudes of 45,000 and 
50,000 feet .  A t  low engine speeds the trend of the  data w i t h  
increasing  altitude was inconsistent. The corrected engine fuel- 
air ratio  (f ig.  6(e))  and the cmrected exhaust-gaa temperature 
(fig. 6 ( f )  ) increased w i t h  altftude at all coFected. engine speeds; 
however, the increase i n  corrected engine fuel-air ra t io  was 
insignificant at a corrected engine speed of 7900 rpn and altitudes 
up t o  35,000 feet. 

Generalization i n  terms CXP pumping chmacteristics. - E a 
turbojet engine is coneidered aa a p u p  that  increases  the energy 
level of the working f luid ae it passes through the engine, the 
thrust msy be determined by an evaluation of the energy change. 
This change i n  available energy is determined by the change i n  
t o t a l  pressure and t o t a l  temperature 09 the air flowing through 
the engine. Is t h b  method af generalization, &8 in the methcd 
previously diecuesed, changes in ccxnponent efficiencies  including 
the  effects of Regnolda ZlllZPber lessen the  possibility of generaliz- 
ing the data obtained 8% various altitudes t0 a single curve. 

The variation of engine total-temperature ratio with engine 
total-pressure ra t io  l a  shown in figure 7(a) for altituhs from 
5000 t o  50 OOO feet  at a flight Mach  number of 0.21 and in 
figure 7(b5 fo r  flight Mebch numbers f r m  0.21 t o  0.97 a t  an 
altitude UP 25, OOO feet .  As the  altitude was increased, the engine- 
total-temperature ra t io  fncreaaed at a l l  value8 of engine-total- 
pressure  ratio. The data for the range of flight Mach  numbers 
investigated at an a l t i t tde  of' 25,000 feet  plotted a8 a single 
curve at a l l  engine-pressure ratios above approximately 1.4. 
Similar data  obtained over a range of flight Mach numbers at 
other  altitudes ale0 formed a single curve for each al t i tude  a t  
engine total-pressure ratios above approximately 1.4. Frau 
the data wesentea in  flgure 7 ,  the t o t a l  pressure at   the  e&aust- 
nozzle outlet can be determined f o r  any f l igh t  Mach number and 
exhaust-gas tan~erature at  altitudes between 5000 azld 50,000 feet  
and engine-total-pressure ratios above approximately 1.4. The 
j e t  thrust can then be calculated by use of equation (8) or (9) 
presented in  the appendix. 

The engine w i n d m i l l i n g  sped is shown in I igure 8 as a  function 
of true  airspeed for  altitudes fran 5000 t o  45,000 feet  . The engine 
w i n d m i l l i n g  speed vas unaffected by changes i n  al t i tude in  the range 
of airspeeds investigated. 
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The internal drag of' a widmllling turbojet engine l e  of 
intereat, particularly on multienglm  airplanes when It nray be 
desirable t o  cruise w i t h  one or  more englnes inoperative. The 
ra t io  af winamilling drag to net thruet at meucinnzm per~nleeible 
e w n e  speed l a  shown In figure 9 a8 a  funotion 09 true sirepeed 
f o r  an altitude of 25,000 feet  . !Che internal drag ai? a windmill- 
lng engine varied frat 2 p e m n t  & the available net thrust at e 
true airplpeed adp 200 miles per hour t o  15 percent at a true air- 
epeed 09 650 miles per hour. The desirability of b l o a k a  the 
inlet  af an inoperative engine ie apparent. 

The follovfng reeulte were obtained f ra t  BP investigation 
of a 547 turbojet engine in the W A  UwIe altitude xind tunnel 
at  aimlated  altitudee fran 5OOO t o  50,000 feet  and ehulated 
flight Mach nmbere fran 0.21 t o  0.97: 

1. The correction  factors comnonly wed t o  generalize turbojet- 
engine performance can be wed t o  predict performaace f o r  only a 
limited range 09 altitudem and correoted englne epeede. 

2. From the ewne pumping charaoterletice, jet tbruet could 
be predicted f o r  any desired flight Mach number a d  erhauet-gaa 
tengerature at altitudes frcm 5000 to  50,000 feet  ard engine- 
pressure ratios above approximately 1.4. 

3. 'phe temperature-limited engine epeed decreeused w i t h  
Inoreasing altitude, whioh indicated the need for a variable-area 
exhauert nozzle. 

4. In general, the exhmet-gaa B e u a p e r a ~  waa reduced at 
all engine epeede by an Inoream in f list W h  number. 

5. The specific fuel OollElumption at temperature-limited 
engine speed an8 a flight Mmh number of 0.21 varied froan 1.20 
t o  1.30 pounds per hour per pow3 of net thrust over the range af 
altitudes inveet1e;ated. Minimum epeofflo fuel oonrrumption orf 
1.05 pounds per hour per pound al? net thrust me obtained 8% an 
engine speed otp apprcnlmately 6400 r p m  at altitudes fraa l5,OOO to 
45,000 feet  . 

6. As the flight Maah number waa incrreaeed froPn 0.21 to 0.97 
at tanmature-limited engine a p e d ,  the epeoifio fuel consumption 

thrust. A t  low engine epeede the Wreaae wae muoh larger. 
inoreaeed froin 1.21 to 1.43 pounde per hour per pauad 09 net 
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7.  A t  an altitude af 25,000 feet, the internal drag of a 
wlndmilling engine varted from 2 percent of the available net 
thrust at a true airspeed of 200 miles per hour to 15 percent at 
a true sirspeed of 650 miles per hour. 
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AppEElDIx - CAIXIIULATIOES 
Symbol8 

croee-sectlonsl area, eg f t  

thrust soale reading, l b  

Jet-velocity  coeffiolent,  ratio of actual jet velooity or 
th.ruet t o  ideal velocitg or thrwt after expgu~lelan to 
free-stream static preeeure 

ratio aP hot exhauet-nozcle area to  cold erhauet-nozzle 
mea (1.01 at 1570' R) 

external drag of Inatallation, lb 

e%hawt-mzzle tsil-rake drag, lb 
Kindmilling drag, l b  

Jet tbntet, Ib 

net thraet, Ib 

fuel-sir ratio 

ameleration due t o  gravity, 32.2 ft/eec 

fliat Maah m e r  

2 

a p e d ,  rm 
t o t a l  p?eeessurS, Ib/eq ft abeolute 

etatic preesure, lb/eq it abeolute 

ejae comtmt, 53.3 f't-lb/(lb) (9) 

t o t a l  t-rature, oa 
inaioated. tnml?erature, OR 
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s t a t i c  temprature, OR 

velooity, f t /aec  

air flow, lb/sec 

fuel flow, Ib/hr 

specific  fuel coneumption based on net thruet, lb/(hr) 
( lb  th.rzlet) 

ratio of specific heats 

ratio of tunnel static pressure po to absolute s t a t i c  
peesure of NACA standard atrnoephere at sea level 

ra t io  of tunnel s t a t i o  pressure po t o  absolute statio 
pessure aP NACA s * m h r d  atmosphere at deszred a t i t u d e  

ra t io  b9 absolute  equivalent ambient static temprsture t o  .’ ” 

- 

absolute s t a t i c  temperature of W A  etandard atmosphere 
at sea level 

I :  

ra t io  of absolute  equivalent ermbient statio temperature t o  
absolute static temgerature of RIGA standard atmoephere 
at desired altitude 

SubSCript6 : 

0 f ree-air streem 

1 engine inlet  

6 turbine  outlet 

7 1 inch upstream of erhauet-nozzle outlet 

8 exhaust-nozzle outlet  

e equivalent 

r venturi throat rake in make-up air duct 

B scale . 

X inlet  duat at frictionless e l l p  j o b t  
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Methods of Calculation 
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T1 
*el = 
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Thruat. - The thrust of the heta l la t ion  was izklependently 
determined fram balance-rrcale measurements d also fran 
pressures aud temperatures measured nmr the eahauet-nozzle out- 
let by means of a 8 u r v ~ y  rake. Beoauee of the fneffioienoy & the 
exhaust nozzle, the scale thrust ie less thanthe rake thrut. 

Jet  thrust was determined from balence-scsle meaeurments by 
the use aP the follawing equation: 

The rake thrurst, which i e  the ideal thruet avsilable, is 
given by the follcrpTing equation and values obtained at station 7, 
1 inch upstream of the nozzle outlet: 
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where 

' 8  - > 1.9 
BO 

.. .. 
i 

' 8  - (1.9 .. 
.- 

PO 

equation ( 8 )  reduces t o  
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I. Sandera, Hews11  D. : perfonnanoe Parameters for Jet-PropuleZon 
Engines. HACA TN 1106, 1946. 

. 
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F-e 3. - Variation of exhaust-nozzle jet-velocity  coeffiolent with exhaust-nozzle 
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Figure  4. - Effect of altitude on variation of engine perfomnance with 
engine speed at flight Mach number of 0.21. 



24 NACA Rh4 E9G09 

d 
cc r( 

rl 
k 
4 

F 

Engine speed, N, rpu 
(b) AFr f low- 

‘igure 4. - Continued.  Ef’feot of altitude on varfation of engine 
performanoe with engine a p e d  at  flight Mach number of 0.21- 
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Figure 4. - Continued. Effect of altitude on variation of engine 
performance with engine speed at flight Maoh number of 0.21. 
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(a) Speoifia fuel urnsumption 
F i v e  4. - ContLnued. Effeot of altitude on variation of engine 

perfomaanoe with engine speed at fl lght Mauh number of 0.21. 
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(e) Fuel-air ratio. 
Figure 4. - Continued. Effect of altitude on variation of 

performance with engine speed at flight Maoh number of 0. 
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(f) Exhaust-gas total temperature. 
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Figure 4. - Conoluded.  Effeot of altitude on variation of engine 
performance ulth engine epeed at flight Mach number of 0.81. 
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(b) Air flow. 
Figure 5. - Continued. Effect of flight Mach number on variat ion of 

engine performance with engine speed a t  altitude of 25,000 feet. 
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I (c) Fuel flow. 
Figure 5. - Continued. Effeot of f l ight  Maoh number on variation 

engine performance rfth engine speed at altitude of 25,OOO feet. 
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(a) Specific fuel consumption. 
Figure  5. - Continued. Effect of flight  Maah  number on variation 

engine performanoe with engine speed at altitude of 259000 feet. 
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(e) Fuel-air ratio. 
Figure  5. - Continued. Effeot of flight Maoh number on variation of 

engine performanee with engine speed at altitude of ~ , ~ o  feet. 
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(f) Exhaust-gas total temperature. 

Figure 5. - Concluded. Effeot of fllght Mach number on variation of 
engine perfomnee wlth engine speed at altitude of 25,000 feet. 
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(a) Net thrust. 
Figure  6. - Effect of altftude on variatlon of corrected engine 

performance with corrected engine speed at flight Yaclh  number 
of 0.21. 
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(b) Afr flow. 
Figure 6. - Continued. Effect .of altitude on variation of corrected 

engine  performance with correoted  engine  speed at flight  Mach 
number of 0.21. 
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.t (c) Fuel flow. 
Figure 6. - Continued. Effect of altitude on variation of corrected 

engine  performance with corrected  engine speed at flight Maoh 
S number of 0.21. 

37 



38 NACA RM E9G09 

4J 

B 
E! 

(d) S p e a i f i o  fuel oonsumptlon. 
Figure 6. - Contlnued. Effeot of altitude on variation of corrected 

engine performance with corrected  engine speed at flight Mach 
number of 0.21. 
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Figure 6. - Continued. Effect of altitude  on  variation of correoted 
engine  performance  with  aorrected  engine  speed  at flight Maoh 
number of 0.21. 
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Flgure 6. - Concluded. Effect of altitude on variation of oorrected 
engine performance w i t h  oorreoted engine speed  at flight Mach 
number of 0.21. 
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(a) Flight Mach number, 0.21; altitude, 5000 to 50,000 feet. 

Figure 7. - Variation of engine total-temperature ratio with 
engine t otal-pres sure ratio. 
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(b) Flight Mach number, 0.21 to 0.97; altitude, 25,000 feet. 

Figure 7. - Conc.luded, Variation &engine total-temperature rat io  
w i t h  engine total-pressure ratio. 
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